タンパク質バイオジェネシス研究室 by 千葉 志信
30 31
タンパク質バイオジェネシス研究室 Laboratory of Protein Biogenesis 
准教授 千葉 志信 Associate Prof. Shinobu Chiba, Ph.D. 
































 （１）枯草菌 MifM による翻訳アレスト機構の解明 
 枯草菌の調節性新生鎖である MifM は、翻訳の途上
で、自身の翻訳伸長をアレストする。この翻訳アレス



















（３）枯草菌タンパク質膜組込装置 YidC の新規基質の探索 
 枯草菌には、それぞれ SpoIIIJ、YidC2 と呼ばれる２つの YidC ホモログが存在する。枯草菌の YidC 経路で膜
挿入されることが明確に示されている基質は、MifM のみである。枯草菌における YidC 依存的タンパク質膜組
込経路の重要性や生理的意義、分子機構を理解するために、枯草菌 YidC の新規基質を探索している。MifM の
翻訳アレストモチーフを C 末端側に付加する事により、膜挿入を感知できる系を構築し、様々な枯草菌膜タンパ




３．Research projects and annual reports 
Since our discovery of Bacillus subtilis MifM, which monitors the activity of the 
YidC-mediated membrane insertion pathway, we have been interested in and studying this class of 
proteins called ‘regulatory nascent chains’, which function while they are still in the midst of the 
process of biosynthesis on the ribosome. A remarkable property of this class of gene products is that 
they interact cotranslationally with components of the ribosome including those comprising the 
polypeptide exit tunnel, and thereby arrest their own translation elongation.  The arrested state of 
translation elongation affects translation of the downstream target gene either positively (in the case 
of MifM) or negatively. Importantly, these regulatory nascent chains serve as a co-translational 
substrate of the protein localization pathway to be monitored, such that the arrest can be stabilized or 
canceled in response to changes in the effectiveness of the localization machinery under given 
conditions of the cell.  Thus, these nascent chains represent unique biological sensors that enable 
real-time feedback regulation of the target machinery. In the MifM regulatory system, its translation 
arrest is released when the nascent MifM chain, as a monitoring substrate of YidC (the regulatory 
target), engages in the YidC-mediated insertion into the membrane.  The regulated elongation arrest 
of MifM enables cells to maintain the capacity of membrane protein biogenesis.  As introduced above, 
our interests are also focused more generally on the mechanisms of protein localization and 
biogenesis, the biological processes where nascent substrates undergo dynamic interactions with the 
machineries of translation, targeting and translocation. We envision that our research activities should 
ultimately lead to the development of a new research area that might be called “nascent chain biology”, 
which aims at understanding the still hidden principle of the central dogma of gene expression, where 
nascent chains are likely to play key roles. 
 
This year’s accomplishments 
1) Extensive interactions between MifM and the ribosome contribute to the elongation arrest 
MifM is a regulatory nascent chain that monitors cellular activity of membrane protein 
insertase, YidC, by a mechanism involving regulated translation elongation arrest.  Our current 
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analysis revealed that elongation arrest of MifM involves extensive interactions between the MifM 
nascent polypeptide chain and the ribosomal components including those on the ribosomal external 
surface (Fujiwara 2018 Sci. Rep.). 
 
2) Identification of novel translation arrest peptides in eubacteria 
 Three regulatory arrest peptides previously found in eubacteria (SecM, MifM and VemP) 
function as a cis-regulator of the protein translocation machinery.  They are encoded by a gene that 
resides upstream of the gene that encodes possible target component of the protein translocation 
machinery.  We searched for novel regulatory arrest peptides from more than 400 bacterial genome 
sequences, resulting in the establishment of three novel arrest peptides.  We confirmed that they 
were able to stall B. subtilis or E. coli ribosomes at a single specific site of the coding sequence.  
Systematic mutagenesis allowed us to identify amino acid residues that are required for the 
arrest-provoking function of the nascent peptides.  Interestingly, they seem to illuminate some 
common amino acid sequence features. 
 
3) Identification of YidC substrates in B. subtilis 
 B. subtilis has two YidC homologs, SpoIIIJ and YidC2, but their substrates have not been 
identified, except for MifM, which is known to engage in either insertase function.  To further 
understand the physiological roles and molecular mechanisms of the YidC pathways of membrane 
protein insertion in this bacterium, we are attempting at identifying novel YidC substrates.  We use 
the translation arrest element of MifM followed by LacZ as a cis sensor of membrane insertion of 
membrane proteins predicted to span the membrane once or twice.  So far, we have identified several 
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２） 学外活動  
千葉志信：タンパク質動態研究所・新学術領域「新生鎖の生物学」合同国際シンポジウム「Proteins; from the 
Cradle to the Grave」世話人 
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伊藤維昭：Member, Faculty of 1000（論文評価システム） 




京産大総合生命科学部教授）に協力 2018 年 7 月 24 日-8 月 1 日 
千葉志信：模擬授業（常翔学園） 2018 年 7 月 9 日 
 
 
